Background: Mãori and Pacific children experience poorer outcomes relating to asthma management than other ethnicities.
Introduction
Asthma in children is a chronic condition that is a major cause of hospital admissions and readmissions 1, 2 and is significantly associated with low achievement in school. 3 In international studies, English speaking countries have been identified as having high rates of selfreported asthma symptoms in children, with New Zealand having the highest rate. [4] [5] [6] [7] [8] [9] National and international guidelines for treatment have changed from being based on asthma severity to gaining control of symptoms through a stepwise escalation of medication, maintaining the lowest level of medication that controls asthma symptoms. [10] [11] [12] Two outcomes indicating poor symptom control and/or inadequate treatment for asthma are hospital admissions for asthma and oral steroid treatment. 13 The International Study of Asthma and Allergies (ISAAC) study, conducted in 1992/93 and 2001/03, found that 30.2% of New Zealand children reported having at least one asthma symptom at some time in their life, and that Mãori and Pacific children reported experiencing more severe asthma symptoms than children of other ethnicities. [4] [5] [6] 14, 15 In the 2006/07 New Zealand Health Survey, 14.8% of children aged 2-14 years reported having current medicated asthma. 16 This contrasts with 11.4% of boys and 7.2% of girls aged 0-14 reported as having current asthma in the 2011/13 Australian Health Survey. 17 Previous New Zealand research has found that Mãori and Pacific children, along with younger children and boys, are more likely to be hospitalised for asthma than children of other ethnicities, and that Mãori children were less likely to be prescribed 
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PRIMARY CARE RESPIRATORY JOURNAL www.thepcrj.org preventive medicines. 1, [18] [19] [20] New Zealand population statistics use four main ethnic categories: European/Other, Asian, Mãori, and Pacific Peoples. Asian children comprise only 8.0% of all New Zealand children aged <15 years so, for this analysis, we combined the European/Other and Asian groups (69.2% of all children) to draw comparisons with Mãori (20.4%) and Pacific (10.4%) children.
In 2011 general practice care for children in New Zealand was operating under the policies introduced in 1997 that made general practice care free for children aged <6 years. Primary care for older children and for all children after hours is likely to attract a fee. Hospital care is free, however, making it more readily accessible to all children, especially the disproportionately high number of Mãori and Pacific children living in poverty. In the USA, studies have used claims data to identify patients with asthma from medicines dispensed, and hospital admissions indicating a primary diagnosis of asthma to evaluate the effectiveness of treatment guidelines in reducing hospital admissions in patients with asthma. 12, 21, 22 In this study we aimed to determine whether the poor asthma outcomes that have been previously documented in Mãori and Pacific children compared with children of other ethnicities are also associated with less optimal asthma treatment and lower adherence to guidelines. To achieve this we conducted an analysis of New Zealand's national health databases to establish whether there are ethnic disparities in the way all children in New Zealand are treated for asthma.
Methods
We used data recorded for the calendar year of 2011 in three national data collections administered by the New Zealand Ministry of Health: the Pharmaceutical Collection which contains records of all subsidised medicines dispensed in community pharmacies in New Zealand; the National Minimum Dataset (Hospital Events) which includes records of hospital admissions in all public and many private hospitals in New Zealand; and the Mortality Collection which registers all deaths occurring in New Zealand.
Asthma treatment and adherence to guidelines
All records of medicines dispensed to children aged <15 years and intended for the treatment of asthma were identified in the Pharmaceutical Collection. Dispensed medicines included salbutamol, terbutaline sulphate, beclomethasone dipropionate, budesonide, fluticasone, budesonide with eformoterol, fluticasone with salmeterol, eformoterol fumarate, salmeterol, prednisolone sodium phosphate, and prednisone. Nasal spray preparations of budesonide and beclomathasone dipropionate and budesonide capsules were excluded because they are not used to treat asthma. Oral leukotriene receptor antagonists are also part of the recommended asthma medication steps, 10 but they were not funded in New Zealand in 2011 and are not part of our data collection.
In New Zealand, all patients accessing the health system are assigned a unique National Health Index (NHI) code which enables the identification of health records relating to each patient throughout life. For each dispensing episode we ascertained the patient's encrypted NHI code, age at dispensing, sex, and prioritised ethnic group, the medicine's chemical and formulation name, the date of dispensing, and the number of prescription items dispensed. Patients are able to specify up to three ethnic groups. If any of these are Mãori or Pacific Peoples, then the patient is assigned to these groups in the ethnicity fields of national databases. From the total of 583,346 asthma medicines dispensed to children aged <15 years we excluded 10,949 records where an NHI code or prescribing doctor was not recorded (1.9%) and 28 records (<0.1%) relating to patients with inconsistent recording of sex.
Definition of asthma patients
We defined a child with asthma as anyone aged <15 years who was dispensed any of the medicines in the study (excluding oral steroids) >2 times in the 2011 calendar year. The intention was to exclude children using inhalers short-term for reasons other than asthma, such as short-acting β 2-agonist (SABA) treatment for bronchiolitis. Similar methods have been employed previously to define a cohort of asthma patients, as the prescription of multiple asthma items implies a diagnosis of asthma. 21 We grouped patients into one of four mutually exclusive treatment groups indicating a diagnosis of asthma. The first three groups represent treatment steps adapted from the British Guideline on the Management of Asthma 10 and are consistent with recommendations for the treatment of childhood asthma in New Zealand (Table 1) . 11 Steps 1-3 indicate increasing asthma severity. We also constructed a fourth group which consisted of children receiving >2 dispensings of any combination of asthma medications (excluding oral steroids) not specified in the first three treatment steps.
Asthma health outcomes
To investigate asthma-related outcomes, the encrypted NHI code
Treatment step Definition
Step 1: Mild intermittent asthma At least two SABA inhalers dispensed in a 12-month period
Step 2: Regular preventer therapy One or more ICS inhalers in addition to two SABA inhalers in a 12-month period
Step 3: Initial add-on therapy 0-4-year-olds: Add oral leukotriene receptor antagonist 5-14-year-olds: One or more LABA inhalers in addition to two SABA inhalers and ICS inhaler/one or more combination LABA/ICS inhalers in addition to two or more SABA inhalers Unspecified: Not a recommended step Two or more dispensings of any combination of asthma medications (excluding oral steroids) as not previously specified.
ICS=inhaled corticosteroid, LABA=long-acting β2-agonist, SABA=short-acting β2-agonist, combination=combined ICS/LABA inhaler.
Inhaled leukotriene receptor antagonists were not funded in New Zealand in 2011. 
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PRIMARY CARE RESPIRATORY JOURNAL www.thepcrj.org was used to link patient records in the Pharmaceutical Collection with hospital admission records in the National Minimum Dataset (Hospital Events). The Hospital Events dataset includes admission and discharge dates, admission type, primary and secondary diagnoses, and procedure codes. Data for all inpatient admissions with a primary diagnosis of asthma (ICD-9-CM code 493) in children aged <15 years were collated. We excluded admissions coded as transfers between hospital facilities. The NHI codes were also used to identify 28 children using asthma medicines who died from any cause during the study year. As the death diagnosis was not yet available in the mortality data for the 2011 year to determine asthma-related deaths, we excluded these children from subsequent analyses.
Statistical analysis
We calculated the proportion of all New Zealand children in each treatment group for the three ethnic groups of Mãori, Pacific Peoples, and European/Other and in three 5-year age bands from 0 to 14 years. Population denominators were taken from population estimates made by the New Zealand Statistics Department. To measure health outcomes for children in each demographic group, we determined the proportion of children dispensed oral steroids >2 times and the proportion admitted to hospital with a primary diagnosis of asthma. Children of European/Other ethnicities were the reference group in all calculations of odds ratios (ORs), and ORs were calculated with regard to the total estimated population in each age and ethnicity group.
Results
Of the total population of 872,591 children aged <15 years in New Zealand in 2011, 139,856 (16.0%) were dispensed any of the medicines in this study (excluding oral steroids) at least once in 2011 with 80,514 (9.2%) receiving treatment for asthma as defined by the four asthma treatment groups ( Figure 1 ).The asthma study group therefore includes 8.7% of the total New Zealand Mãori population aged <15 years, 9.9% of Pacific children, and 9.4% of children of European or other ethnicities. These children represented 10.5% of all New Zealand boys and 7.8% of girls. Children receiving more than one asthma medication (the study group) were different from children receiving only one asthma medication in that they were more likely to be male (58.4% of the study group and 55.8% of children receiving only one asthma medicine were male, p<0.001), older (mean age 6.78 years vs. 5.59 years, p<0.001) more likely to be European (66.5% vs. 65.8%, p=0.010) and Mãori (23.6% vs. 22.3%, p<0.001), and less likely to be of Pacific Island ethnicity (9.9% vs. 11.9%, p<0.001). Table 2 shows asthma treatment levels for Mãori and Pacific children with reference to children of other ethnicities. Both Mãori and Pacific children aged <5 years were more likely to be treated for asthma than other ethnic groups, but less likely in the 5-9 year and 10-14 year age groups. The proportion of Mãori boys and girls treated for asthma were both lower than for boys and girls of European/Other ethnicity. Mãori (OR 1.56, 95% CI 1.51 to 1.62) and Pacific children (OR 2.70, 95% CI 2.59 to 2.82) aged <10 years were more likely to be treated with SABA alone (step 1) than children of other ethnicities. Relatively more Mãori and Pacific children aged <5 years were treated with SABA and inhaled corticosteroids (step 2) than other ethnic groups but a smaller proportion in the older age groups. More children of European/Other ethnicity received add-on therapy involving a longacting β 2-agonist (step 3) than Mãori or Pacific children (Figure 2 ). In the older age groups there was evidence that proportionally fewer Mãori and Pacific children had their treatment escalated to a higher step than European/Other children. Table 3 shows differences between ethnic groups in the number of patients experiencing exacerbations of asthma as measured by multiple dispensings of oral steroids. Children aged <5 years were more than twice as likely to use oral steroids as children aged 5-9 years (OR 2.59, 95% CI 2.49 to 2.70) and more than five times as likely as children aged 10-14 years (OR 5.50, 95% CI 5.20 to 5.82). Dispensed two or more asthmarelated medicines n=80,514 (9.2%)
Step one n=19,005 (23.6%) Unspecified n=25,289 (31.4%)
Step two n=31,361 (39.0%)
Step three n=4,859 (6.0%) ICS alone / ICS and less than two SABA (n=21,121 87.5%) 0 to 4 year-olds dispensed LABA (n=2,606 10.3%) LABA alone (n=68 0.3%) ICS and LABA and less than two SABA (n=494 2.0%) *Excluding oral steroids PRIMARY CARE RESPIRATORY JOURNAL www.thepcrj.org
Compared with both children of European/Other ethnicity and Mãori children, Pacific children were more likely to use oral steroids than children of other ethnicities across all age groups and treatment steps. Overall, more children treated on step 3 used oral steroids >2 times (27.1%) than children on step 2 (25.2%, OR 1.10, 95% CI 1.03 to 1.18). Similarly, more children on step 2 had multiple prescriptions for oral steroids than children on step 1 (20.5%, OR 1.30, 95% CI 1.25 to 1.36), indicating increasing occurrence of severe asthma exacerbations with increasing severity of asthma.
Across all ethnic groups, 5.8% of 0-4-year-olds, 3.1% of 5-9-year-olds and 1.2% of 10-14-year-olds were hospitalised with a primary diagnosis of asthma (Table 4) . In all age groups, Mãori and Pacific children were significantly more likely to be admitted to hospital with asthma than children in the European/Other ethnic group. Mãori and Pacific children were also more likely to be admitted to hospital than children of other ethnicities at all treatment steps. In total there were 3,874 asthma admissions for children in one of the four groups, with 98.9% of these being acute admissions via accident and emergency departments. Figure  3 shows the disparities in oral steroid use and hospital admissions between Mãori and Pacific children and children of other ethnic groups. At all steps of treatment, Mãori and Pacific children had higher rates of oral steroid use and a significantly greater proportion of Mãori children (5.1%, OR 1.88, 95% CI 1.73 to 2.04) and Pacific children (5.6%, OR 2.05, 95% CI 1.84 to 2.29) overall were hospitalised for asthma than European/Other children (2.8%).
We also identified a further 603 unplanned hospital admissions for asthma by 570 children aged <15 years who were not in any of our asthma treatment groups. Of these children, 210 (36.8%) were Mãori and 129 (22.6%) were Pacific Peoples. In total, 53.7% of all Step one
Step two
Step 
0-4-year-olds
Step 1 
Discussion

Main findings
Our findings show that Mãori and Pacific children aged <5 years are more likely to be treated for asthma than children of European/other ethnicities. However, in older age groups they are less likely to have their asthma treatment escalated to include inhaled corticosteroids or long-acting β 2-agonists, despite having higher rates of hospital admission for asthma and requiring a larger number of dispensings of oral steroids to control asthma exacerbations. Although similar effects have been shown previously in studies of limited scope, they have never before been demonstrated at the level of the entire country.
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Previous studies have found that Mãori and Pacific children are more likely to experience severe asthma, 4, 14 implying that more Mãori and Pacific children should be on a higher treatment step to control their symptoms. Our results, based on the use of pharmaceutical treatment, showed that this expectation was not realised for Mãori and Pacific children aged >5 years where there were more children on step 1 treatment and fewer on step 3 than children of other ethnicities. This may reflect the limitations of using pharmaceutical claims data to describe patient illness, as claims records do not provide clinical information on why a patient was prescribed a medicine or how severe their symptoms may have been. It is also possible that patients who experience symptoms may not seek treatment. 23, 24 Prior research has shown that Mãori and Pacific Peoples in New Zealand have greater difficulty accessing medical care 4 and, while there are likely to be cultural reasons for this, it is possible that Mãori and Pacific children are more often treated at lower recommended levels of treatment due to poorer access to general practice, especially for children aged >6 years whose general practice care is likely to incur a charge. The higher rate of hospitalisation and oral steroid use among Mãori and Pacific children found in this study may indicate less frequent use of general practice services by these children until symptoms become severe. A lack of understanding of medicines, ineffective communication with health providers, and other cultural issues 25 can lead to a lack of adherence to prescribed treatment among Mãori and Pacific Peoples, which may in turn lead to failure to pick up prescribed medicines or have the correct number of repeat dispensings. In this study, children were classified into groups based on medicines dispensed to patients; in non-compliant patients this may not reflect the intentions of the prescribing doctor.
Implications for future research, policy and practice
Of the 80,514 children with asthma, 2,914 (3.6%) were hospitalised at least once with a primary diagnosis of asthma during the study year and almost all admissions were acute. This indicates the importance of controlling asthma symptoms in children with asthma, both to minimise the occurrence of severe asthma episodes and to reduce the burden of demand on acute hospital services.
We also found evidence of proportionately more Mãori and Pacific children being hospitalised with asthma without having been prescribed any medicine in primary care before their admission. This again suggests that innovative policy solutions are needed to address systematic ethnicity-based discrimination in the way New Zealand's health services are planned, managed, and delivered. Although New Zealand, like other countries, strives to meet the World Health Organization's goal for primary health care that is accessible and -ideally -free, the country's regulatory, financing, and organisation has so far failed to deliver on this goal, 26 making it highly likely that some children's opportunity for optimal health is currently limited. It is possible that overuse of medicines may be as much of a problem as underuse; this needs more investigation.
Strengths and limitations of this study
We could not provide a robust estimate of the overall prevalence of asthma in children in New Zealand because we studied only asthma that was treated by medications or hospital care. As a consequence of using pharmaceutical claims data to identify children with asthma, our first objective was to positively identify patients with asthma as indicated by use of two asthma medicines. We therefore excluded children who may have been dispensed an asthma medicine for short-term use to treat other conditions such as bronchiolitis. It is possible that we excluded a large number of children with less severe asthma from our study cohort.
However, we identified 16.0% of all New Zealand children under 15 years of age who were dispensed at least one asthmarelated medicine in 2011, and 9.2% of all New Zealand children as having diagnosed asthma through multiple dispensings of asthma medicines. This suggests our study is a reasonably comprehensive representation of asthma care for children because the 2006/07 New Zealand Health Survey 16 estimated asthma prevalence to be 14.8% among children aged 2-14 years and 11.7% of Australian boys and 7.2% of girls aged 0-14 were identified as having asthma
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Step in the 2011/13 Australian National Health Survey. 17 In addition, many children with asthma may have been prescribed asthma medicines but did not have these dispensed, and they may not have received the correct number of repeat dispensings. We were also not able to determine the extent to which differences in access to primary care explained the levels of treatment provided to children from different ethnic groups or ages. Most primary care for children aged <6 years is free in New Zealand, but charges generally apply for older children and may limit access to general practice for other age groups.
We used odds ratios to measure differences in risks of children of different ethnic groups having different asthma diagnoses and treatment. Because asthma is a relatively common condition in New Zealand, this may have contributed to some overestimation of risk in some cases.
Conclusions
Our research provides for the first time a description of asthma treatment focusing on all children in New Zealand. We were able to link national datasets recording medicines used in the treatment of asthma and hospital admissions to investigate admission rates for asthma based on recommended guideline levels of treatment. Our findings highlight the disparities in asthma treatment rates and adverse health outcomes experienced by children of Mãori and Pacific descent compared with children of European or other ethnicity. They also indicate that Mãori and Pacific children aged <5 years have especially high rates of asthma and adverse health outcomes related to asthma, and these children should receive special attention in policy-making and health service planning.
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